SUMMARY The clinicopathological associations of 33 singleton infants who died with intraventricular haemorrhage (IVH) without hyaline membrane disease (HMD) ('IVH only') were compared with those of 39 infants who died with IVH+HMD over the same gestation range in order to determine what factors other than those related to HMD may contribute to the pathogenesis of IVH. The incidence of 'IVH only' was inversely related to gestational age in the Hammersmith birth population, whereas the incidence of IVH+HMD rose to a peak at 28-29 weeks' gestation. Infants with 'IVH only' lived longer on average than those with IVH+HMD despite a lower birthweight and shorter gestation. Infants who died in the first 12 hours from 'IVH only' had suffered severe birth asphyxia but in those who died later the main symptom was recurrent apnoea. Fewer infants with 'IVH only' were given alkali therapy or were connected to the ventilator as compared to those with IVH+HMD, but there were no differences in alkali therapy in those who lived for 12 hours or more. In the 'IVH only' group there was a high incidence of haemorrhage from other sites and of bacterial infections.
Recent papers on intraventricular haemorrhage (IVH) have stressed its association with hyaline membrane disease (HMD) in 50-95% of cases (Harcke et al., 1972; Leech and Kohnen, 1974; Anderson et al., 1976) . The frequency of this association has led workers to consider IVH as a complication of HMD and to ignore the group of infants who die with IVH alone.
We have previously shown that infants who died with IVH without HMD at Hammersmith Hospital were of significantly lower birthweight and lower gestational age than those who died with IVH+HMD, and have discussed evidence that intravenous alkali administration may have contributed to the incidence of IVH in the latter group (Wigglesworth, 1976; Wigglesworth et al., 1976 infants. There were marginally more primigravid mothers and longer labours in the 'IVH only' group. Other maternal and infant factors including maternal age, incidence of pre-eclampsia, incidence of abnormal delivery (forceps, breech, or caesarean section), incidence of fits, incidence of hypoglycaemia, and the lowest recorded body temperature showed no difference between the groups. Details of alkali therapy are given in Table 2 . (a) Severe birth asphyxia. 5 infants who died in the first 12 hours had severe birth asphyxia and remained in poor condition throughout their few hours of extrauterine life.
(b) Respiratory distress presumed due to HMD. This was diagnosed in 12 infants. In retrospect the symptoms were mild in relation to the extreme immaturity of some of these babies. Hypoxia and acidosis developed only after apnoeic attacks began. 6 of these infants had massive pulmonary haemorrhage or pneumonia at necropsy.
(c) Recurrent apnoea. 10 infants developed apnoeic attacks within the first 24 hours after birth in the absence of signs of respiratory distress.
(d) Late collapse. 6 infants were well after birth until development of severe apnoea at 24 hours age or later.
Pathological associations. Two additional forms of pathology were detected during life or at necropsy in 19 of 33 infants with IVH only. These were extracranial haemorrhage in 14 cases and bacterial infections in 9 (Table 3) . In contrast, only 11 of While it is easy to relate the early group of deaths to the effects of birth asphyxia in very immature infants, the late deaths demand a different explanation. The relatively late age at death of some infants with uncomplicated 1VH has been noted previously (Amiel, 1964; Fedrick and Butler, 1970) . In such cases it is usually not possible to determine whether the initial germinal layer haemorrhage (GLH) develops at several days of age or whether the late collapse is due to rupture of a GLH that has been present since soon after birth. A further possibility is that in the absence of HMD an infant may survive for a longer period after development of IVH.
The higher incidence of primiparous mothers in the group with IVH only agrees with the findings of Fedrick and Butler (1970) for IVH cases as a whole. The slightly longer labours noted in the cases with IVH only would be consistent with the larger number of primigravidae but also with the lack of delivery by caesarean section. It seems unlikely that the differences in length of labour would be sufficient to allow maturation of surfactant pathways in the lungs of one group rather than the other. *Since our 'IVH only' group includes all infants with IVH associated with germinal layer haemorrhage except those with HMD, it is not directly comparable to the 'pure IVH' groups of previous studies (e.g. Amiel, 1964; Fedrick and Butler, 1970) which excluded infants with other forms of additional pathology.
The main feature of infants who died early from IVH only was severe birth asphyxia. Among the rest, despite their relatively prolonged survival, few were symptom free in the first 24 hours. Nearly half were diagnosed during life as having HMD, but in retrospect the main symptom was recurrent apnoea. Recessions, grunting, and tachypnoea were mild or transient. The significance of bleeding problems in these infants is uncertain. Damage to vessels in the germinal layer might be a result of shock associated with the haemorrhage. Alternatively, if the mechanisms we have postulated previously for initiation of IVH are correct (Hambleton and Wigglesworth, 1976; Wigglesworth et al., 1976) , the use of transfusions for treating bleeding episodes might act as a precipitating factor by raising the circulating blood volume and altering pressure-flow relationships in the cerebral circulation. Disseminated intravascular coagulation was confirmed only in one case. The possible relevance of this conditions to IVH has been extensively discussed elsewhere (Chessells and Wigglesworth, 1972; Hambleton and Wigglesworth, 1976) . The significance of bacterial infection in the infants with IVH only is somewhat doubtful as this form of complication may simply reflect the longer survival seen in this group. Invasion of the bloodstream by Gram-negative bowel organisms might also in some cases be a terminal event in a moribund infant.
Although alkaline buffer therapy was given to fewer of the infants with IVH alone than to those with IVH+HMD the doses administered to infants who survived for 12 hours or more did not differ between the groups. If, as we have argued previously, alkaline buffer therapy plays some role in the high incidence of IVH in babies with HMD it may also have contributed to the incidence of IVH in the babies without HMD. The effect may be relatively small, however, since the doses of alkali given to infants below 30 weeks' gestational age, who constitute the bulk of those with IVH alone, have been lower in all groups than the doses given to infants of greater maturity .
The differences between the various groups of babies described in this paper are largely explicable in terms of an increasing severity of stress required to elicit IVH with increasing maturity. Uncomplicated IVH is a condition related primarily to extreme immaturity, but one that can be affected by a number of factors. Severe birth asphyxia in such immature infants is associated with rapid development of, and death from, the condition. At a few hours or days of age recurrent apnoea, haemorrhage, or possibly infection may be similarly associated. Each of these conditions could cause IVH through development of some common form of stress such as metabolic acidosis. The more mature infant will only develop IVH if HMD is superimposed, and particularly if exposed to intensive alkaline buffer therapy . It should be possible by improved management to reduce considerably the incidence of IVH in infants above 30 weeks' gestation, though the condition is likely to remain a problem in the very immature.
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